Abstract: Adult-onset Still's disease (AOSD) -a multi-systemic inflammatory condition characterized by high fevers, polyarthritis, an evanescent rash, and pharyngitis -has been a challenging condition to diagnose expediently and treat effectively. Questions remain regarding the underlying pathophysiology and etiology of AOSD. Pathognomonic diagnostic tests and reliable biomarkers remain undiscovered. Over the past decade, important progress has been made. Diagnostic criteria employing glycosylated ferritin have improved specificity. More important, novel biologic therapies have offered important clues to AOSD's underlying pathophysiology. Cytokine-specific biologic therapies have been instrumental in providing more effective treatment for disease refractory to conventional treatment. While IL-1 therapy has demonstrated efficacy in refractory disease, novel therapies targeting IL-6 and IL-18 show great promise and are currently under investigation.
Introduction
Adult-onset Still's disease (AOSD) is a rare multisystemic inflammatory condition characterized by high fevers, polyarthritis or arthralgias, an evanescent rash, and pharyngitis. Though first noted in children as early as 1897 by Dr George Still, AOSD remained largely unrecognized until its description by Bywaters in 1971. 1 Since then, AOSD and systemic juvenile idiopathic arthritis (sJIA), which share many clinical features, have been more clearly defined from a clinical perspective and have been affected by the revolution of biologic therapies. 2, 3 Despite this progress, many challenges remain. The etiologic factors and pathogenesis of AOSD are largely obscure. Diagnostic delays and disease complications are exacerbated by the lack of patho gnomonic serologic or clinical disease markers. Clinical research has essentially been limited to case reports and small retrospective series. Going forward, research on the mechanisms that underlie AOSD may provide new avenues for identifying at-risk groups, diagnosing AOSD more expediently, identifying prognostic markers, and providing more targeted therapy.
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Siddiqui et al other case studies have looked at distinct HLA alleles in their association with AOSD. In a series of 29 cases, HLA-DR4 was found to be prevalent. 6 A subsequent survey in Canada described strong correlations between AOSD and HLA-B17, B18, B35, and DR2. 7 Others have shown links between HLA-DR7 and HLA-DRB1 genotypes and AOSD. 8, 9 Thus, no consistent results have been obtained from association studies and HLA gene loci. In general, strong relationships have been observed between the inflammatory cytokines IL-6, IL-1, and IL-18 in both AOSD and sJIA. 2, 10 Infections and malignancies have been suspected as etiologies of AOSD, largely due to their similar clinical presentations and temporal relationships with AOSD diagnoses. Many microorganisms, including parvovirus B19, rubella, echovirus 7, Yersinia spp., Epstein-Barr virus, cytomegalovirus, coxsackie B4, and chlamydia, have been observed concurrently with AOSD. 2, [11] [12] [13] [14] Similarly, individual instances of AOSD have been seen in association with esophageal cancer, breast cancer, renal cell carcinoma, ovarian cancer, melanoma, papillary thyroid cancer, non-Hodgkin's lymphoma, and multiple other cancers. [15] [16] [17] [18] [19] [20] [21] However, a causal relationship between infection or malignancy and AOSD has never been clearly established. In short, various genetic, infectious, and malignant etiologies have been suggested but none have been reproducible in larger series.
Diagnostic challenges
Diagnosing AOSD or sJIA can be difficult given the lack of sensitivity of their principal features -high fevers, arthritis, and rash. This presentation can easily be confused with infections, other autoimmune diseases, and malignancies. In one series of patients presenting with fever of unknown origin, 90% of those eventually diagnosed with AOSD also received antibiotics. 22 Moreover, AOSD and sJIA occur rarely, with incidences estimated at 0.16 cases per 100,000 people per year 23 and 0.6 per 100,000 people per year, respectively.
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Due to the infrequency of the condition and the nonspecific clinical presentation, there are often delays in diagnosis.
A recent retrospective series of 57 patients found a mean time to diagnosis of 4 months. 5 In addition, patients presenting with arthritis and a rash may receive empiric nonsteroidal anti-inflammatory medications or even a course of steroids, which may inadvertently treat the episode of AOSD.
Complicating expedient diagnosis of AOSD, a definitive diagnostic test has yet to be discovered. Depending on which criteria are employed, rheumatoid factor and antinuclear antibody tests are negative by definition. Nonspecific elevations of inflammatory markers, such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), are present in almost 100% of cases. 5, 7 Given a differential diagnosis of infections, neoplasms, and other autoimmune diseases, these are not generally helpful. Bone marrow biopsies typically reveal nonspecific granulocyte hyperplasia consistent with reactive bone marrow, 5, 7 and biopsies of other tissues are primarily helpful in ruling out malignancy.
The most promising index to date -the glycosylated ferritin -has been useful but not definitive. While 50%-80% of serum ferritin is glycosylated in healthy controls, studies have shown a significant reduction among those with AOSD. 24 Using serum ferritin levels five times the normal value and glycosylated ferritin #20% yields a specificity of 92.9%, which is higher than the majority of published diagnostic criteria. 25, 26 Yet, this measure is only 43.2% sensitive, and is not routinely checked as part of a diagnostic workup. Moreover, although markedly elevated ferritin levels are seen in 70% of those with AOSD, high ferritin levels are also a common feature of malignancy and infection. 27 Consequently, measures of ferritin may only be useful when they are extremely elevated, clinical suspicion is already high, or as a part of fulfilling diagnostic criteria.
Given these limitations, multiple clinical criteria have been proposed. [28] [29] [30] [31] [32] [33] The Yamaguchi criteria have the highest sensitivity (93.5%) and the Fautrel criteria have the highest specificity (98.5%). 32, 33 The Yamaguchi criteria have become the most widely accepted, but they do not include glycosylated ferritin and require the exclusion of neoplasms, infections, and autoimmune diseases that mimic AOSD (Table 1) . Using a 2002 retrospective analysis of 72 patients with AOSD and 130 controls, Fautrel et al developed updated criteria with a sensitivity of 80.6% and a specificity of 98.5% (Table 1) . 33 Because of the higher specificity and lack of exclusions, these criteria may form the basis for more precise research going forward. However, the relatively low sensitivity means that the Yamaguchi criteria should still be used to rule out AOSD.
Future prospects in diagnostic biomarkers
While glycosylated ferritin shows promise, other novel biomarkers have also been identified. A recent study demonstrated higher levels of germinal center kinase-like kinase (GLK)-expressing T-cells in sera of AOSD patients (31.85% vs 8.93% for healthy volunteers, P,0.001). These findings also correlated with disease activity and GLK expression levels that decreased after therapy for AOSD. 34 In a study of the calcium-binding proteins S100A8, S100A9, and IL-18 
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AOSD: current challenges and future prospects on 36 patients with AOSD, S100A8/A9 levels were higher than in patients with rheumatoid arthritis or healthy controls, correlated with known inflammatory markers and disease activity scores, and significantly decreased after treatment of AOSD. IL-18 levels performed even better for diagnosis, with a sensitivity of 91.7% and a specificity of 99.1% at a cutoff of 366.1 pg/mL, but did not decrease after treatment of AOSD. 35 Finally, in a study of 30 patients with AOSD and age-matched controls, mean calprotectin levels were significantly higher (61 ng/ml vs 35 ng/ml, P,0.05) and levels decreased after treatment of AOSD. 36 None of these markers have been tested in a large cohort of patients with infections, neoplasms, or a variety of autoimmune diseases. These need to be evaluated in larger studies in order to find more sensitive, specific, and reliable markers in diagnosing AOSD.
Prognostic factors
Traditionally, three patterns of AOSD manifest after initial diagnosis -systemic monocyclic, intermittent/polycyclic, and chronic articular. 29 Polyarthritis and joint erosions at disease onset are predictive of chronic articular disease. [5] [6] [7] 28 Still's rash has also been reported as a predictor of poor functional outcomes. 7 Several investigators have attempted to identify those at increased risks of morbidity and mortality, but data regarding disease course, ultimate outcomes, and therapeutic responses of AOSD are limited. Macrophage activation syndrome (MAS), disseminated intravascular coagulopathy, thrombotic thrombocytopenic purpura, diffuse alveolar hemorrhage, pulmonary arterial hypertension, and rarely respiratory and hepatic failure have all been described as secondary complications of AOSD. 37 The estimated incidence of MAS in AOSD is 12%-14%; not only is this higher than in other rheumatologic diseases, 38, 39 but in sJIA 53% of patients had bone marrow biopsies suggestive of MAS. 40 To date, the majority of prognostic factors have been identified in retrospective studies; ideally, future prospective studies will more accurately define prognostic factors.
Research limitations
As with many rare medical conditions, progress on AOSD has been hampered by the difficulty of enrolling a sufficient number of patients for large randomized trials. A recent review in Rheumatology of all biologic therapies for AOSD covering the years 2000-2012 identified only one randomized controlled trial out of 78 published articles. 3 Most of the data came from retrospective case series, and over half of published papers were case reports. Though compiling dozens of case reports may be instructive, without randomized controlled trials, this research is vulnerable to both selection bias and publication bias and should be questioned regularly. The paucity of large randomized trials in AOSD has likely been secondary to the rarity of the disease. Rare diseases, defined as affecting ,200,000 people in the US, present unique challenges to the medical community. Specifically, affected populations encounter difficulty obtaining timely and accurate diagnoses, struggle to find reliable resources or experienced providers, and often must pay exorbitant fees for what drugs do become available. 41 
Current treatments
The treatment of AOSD has been largely derived from case reports and retrospective data. While mild cases can be treated with nonsteroidal anti-inflammatory drugs (NSAIDs), more than 80% of AOSD patients do not achieve remission and require the use of corticosteroids. 5 Both of these pharmaceutical classes cause significant side effects. In one recent series, almost half of the cohort developed corticosteroid-dependent disease and 75% of the total cohort suffered corticosteroidrelated side effects, such as Cushing syndrome, osteoporosis, and aseptic osteonecrosis. 5 In the event of corticosteroid treatment failure or dependence, disease-modifying antirheumatic 
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Siddiqui et al drugs (DMARDs) have been used. Modest success has been achieved with several DMARDs, including methotrexate, sulfasalazine, cyclosporin A, leflunomide, azathioprine, hydroxychloroquine, and tacrolimus. 5, 7, 42, 43 Of these DMARDs, methotrexate remains the first-line steroid sparing agent in the management of AOSD. 5 In a retrospective series of 26 patients with AOSD refractory to prednisone who were treated with methotrexate, 18 patients achieved remission and eleven patients were able to discontinue prednisone entirely. 44 Yet one-third of methotrexate-treated patients experience elevated liver enzymes, drug-induced cytopenias, or cough. 5 In an era of biologic medicines, several promising targets have emerged in the treatment of AOSD. These therapies have also brought to light potential information regarding disease pathogenesis and are an essential aspect of the future prospects of AOSD.
IL-1 inhibition
Of these novel therapies, the recombinant IL-1 receptor antagonist anakinra has been most widely used and remains the only biologic therapy yet subjected to a randomized controlled trial. A retrospective study of 28 patients who had received anakinra for refractory AOSD found a rapid improvement in all patients, and 12 patients experienced persistent complete remission at a mean of 23 months. 45 In a similarly encouraging retrospective study, eleven out of 15 patients with AOSD achieved 50% improvement in all disease markers. 46 Most important, anakinra demonstrated efficacy in a randomized multicenter trial of anakinra vs DMARDs (methotrexate, azathioprine, leflunomide). When compared to conventional DMARDs, a greater number of patients receiving anakinra achieved remission over 24 weeks (P=0.22) and scores on a Medical Outcomes Study Short-Form 36 (SF-36) physical health summary significantly improved. 47 Given these encouraging results for IL-1 blockade with short-acting anakinra, canakinumab, a monoclonal IL-1β antibody with a half-life of 26 days, is being further investigated. A randomized controlled trial in sJIA found more children achieving JIA American College of Rheumatology 30 response at 15 days (84% canakinumab vs 10% placebo, P,0.001) and more without a disease flare in a withdrawal phase of the trial (74% canakinumab vs 25% placebo, P=0.003). 48 Data remain limited in AOSD, but a retrospective case series of two patients treated with canakinumab, who had previously failed to respond to anakinra therapy, demonstrated sustained improvement in clinical and laboratory parameters. 49 With these encouraging results, a randomized controlled trial of canakinumab vs placebo is currently recruiting patients. 50 Though there has been concern that agents such as anakinra increase the risk of malignancy, a recent Cochrane review did not find this, instead indicating that injection site issues, serious infections, and tuberculosis were more common among those taking biologic response modifiers and other DMARD therapies.
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IL-6 inhibition
The monoclonal antibody to IL-6, tocilizumab, has also shown promise in refractory AOSD. In a retrospective study on 16 patients with AOSD, half of the patients initially receiving either infliximab or etanercept were changed to another agent, while ten of eleven eventually treated with tocilizumab responded well and two discontinued corticosteroids entirely. 52 In another retrospective study of 14 patients who had failed methotrexate and anakinra, treatment with tocilizumab led to a reduction in mean corticosteroid dosing by 56% and European League Against Rheumatism remission in 57% at 6 months. 53 In sJIA, serum IL-6 levels are elevated, as compared with healthy controls, and correlate with joint symptoms and platelet counts. 54 Data from recent randomized controlled trials of tocilizumab in sJIA have been encouraging. In a Phase II trial, investigators assigned 112 children with active sJIA to tocilizumab or placebo; at week 12, 85% of those receiving tocilizumab had improved compared with 24% in the placebo arm, P,0.001. 54 A follow-up study of 417 children confirmed these findings, with normalization of CRP in 99% and improvement in fevers from 54.6% of the original cohort to 5.6% of patients at 52 weeks. 55 Given these results, the TENDER study, a multicenter, three-part, 5-year trial, is under way to assess the efficacy and safety of tocilizumab in sJIA. 56 
Novel therapeutics
While targeting IL-1 and IL-6 has shown promise in the treatment of AOSD, IL-18 is considered to be crucial in activating macrophages and favoring Th1-type cytokine production. 2 Multiple studies have documented high levels of IL-18 during active AOSD, which decreases after treatment. 57 ,58 IL-18-binding protein, tadekinig alfa, binds IL-18, preventing it from activating its receptor or stimulating IFNγ production. Though it has yet to be used in patients with AOSD, from a theoretical perspective tadekinig alfa may be a promising novel therapeutic agent. It has already been tested in Phase I studies in other diseases, and an open-label, dose-finding study in AOSD involving multiple centers in Europe is under way. 
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AOSD: current challenges and future prospects than in healthy controls and correlate with disease activity. 34 Therapies directed against IL-17 have been studied in rheumatoid arthritis, psoriasis, inflammatory bowel disease, and multiple sclerosis. 60 In January 2015, the US FDA approved the use of secukinumab, an IL-17A-inhibiting monoclonal antibody, in the treatment of psoriasis. A recent review by Jamilloux et al has suggested potential benefit from IL-17 inhibitors in articular patterns of AOSD as well.
61
Conclusion AOSD is a rare systemic inflammatory condition that is poorly understood. It poses many diagnostic challenges, which are further magnified by the rarity of the disease and the paucity of large randomized trials. While the etiology of AOSD remains unknown, advances in immunology have enhanced our knowledge of the role of cytokines in disease pathogenesis. This, in turn, has led to the off-label use of several promising treatments originally intended for use in rheumatoid arthritis.
Results from IL-1-and IL-6-inhibiting drugs have been very encouraging. With the prospect of the development of more novel therapies that target IL-17 and IL-18, we are only beginning to explore the potential of biologics in AOSD.
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